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Cultured living human epidermal cells migrating on 
the surface of irradiated non-viable pig dermis, were 
found to produce bullous pemphigoid antigen at the 
epidermis-pig dermal junction between days 10 and 50 
in culture. In certain series, the antigen was detected 
within the cytoplasm of the basal cells as well. These 
findings suggest that the bullous pemphigoid antigen is 
synthesized by epidermal cells. 
The purpose of this study was to se: if epide~al cells in 
culture could produce bullous pemphigmd (BP) antige~. 
Based on electron microscopic studies, the dermal-epidermal 
junction of human skin has been divided into 4 components: (1) 
the plasma membrane of the pallisading basal cells, (2) the 
electron lucent lamina Iucida, (3) the electron dense basal 
lamina which is known to be rich in type IV c_o~agen [1] ~nd 
(4) a fibrillar area below th e basal lamina contam~ng a nchonng 
fibrils, bundles of microfibril-like elements and smgle collagen 
fibers [2]. . 
Ultrastructmal studies have shown that the BP antigen-
antibody complex is located almost exclusively within t?e lam-
ina Iucida area [3-5]. The lamina Iucida is still somethmg of .a 
mystery, partly because, being lucent, it cann.ot be seen. It IS 
defined either as a vacuous, lucent space with th.e elec~ron 
microscope, or as a linear fluorescent band when skm sectiOns 
are run against BP sera using indirect immunofluorescent (IIF) 
techniques. . 
Basal cells in cultme, unlike fibroblasts, preferentially. attach 
to type IV collagen, the collagen found in the basallamma [6]. 
However the in vivo situation is that they are separated from 
this coll~gen by the lamina Iucida. Using living epidermis 
recombined with non-viable dermis, Briggaman ~nd colleag_u~s 
demonstrated that the basal lamina had an epidermal ongm 
while the a nchoring fibrils were of dermal origin [7]. The ?rigin 
of the lamina Iucida and BP a ntigen is not known, and this was 
the focus of the present study. 
MATERIALS AND METHODS 
Cultures 
A 30- to 50-day cu lture system was used which consisted of 2 mm by 
2 mm pieces of human, adu lt skin explanted on killed, irradiated, non-
viable, inverted pig skin as described by Aaron Freeman and co-workers 
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Abbreviations: 
BL: basal lamina 
BP: bullous pemphigoid 
IIF: indirect immunofluorescence 
IF: immunofluorescence 
ICP: in tra-cellular pattern 
LP: Linear pattern 
(8] (Fig 1). AU cultures were made in Eagle's minimal essential media 
'Vith 20 mM of Hepes Buffer and supplemented with 0.1 mM of nones-
~ential amino acids, 1 mM of sodium pyruvate, 2 mM glutamine, 100 flg 
Per ml streptomycin, 100 uni ts per ml penicillin and 10% fetal bovine 
~erum. 
Normal adu lt human skin was used in all studies. Skin was cut into 
thin sheets with a Castroviejo keratome set at a depth of 0.3 mm. With 
<I. scalpel, the sheets were then cut in to small square pieces 2 mm by 2 
turn. Four such explants were placed onto pieces of commerciallY 
Prepared, inverted, non-viable pig skin (gamma irradiated with 3.5 
:tvi:Rad, The Burn Treatment Skin Bank, Phoenix, Arizona, and Labor-
<'l.toire Armour Montagu, Paris) supported in a Petri dish by a steel grid. ~ach piece of inverted pig skin was approximately 2 em by 2 em. The 
l:!pecirnens were incubated at 37°C and the media was changed twice a 
'lveek. Seven culture series, using 7 different skin donors were made in 
l:>uch a manner. In this system, well over 90% of the explants produce 
<'l.n outgrowth of epidermal cells on the non-viable pig dermis, and 
lh"owth can easily be noted by the development of clear areas ru·ound 
\:he explants. These clear zones ru·e due to digestion of the pig skin 
~ollagen and correlate with the outgrowth of epidermal cells from the 
IOxplant [8]. 
l:ndirect Immunofluorescence of Specimens 
Explants and outgrowths were removed from cultures at vru·ious 
l:irnes between days 10 to 50. In 2 series the pig skin specimens were 
l:livided in half and 2 explants were taken daily from culture fTom daY 
IJ to day 10. Specimens (2 explants and outgrowths per series per day) 
\vere then quick frozen in liquid nitrogen for 2-3 hr and then stored at. 
'- 20°C. Within 1 week, the frozen specimens were sectioned with 8 
l:!ryostat I?icrotome set at 4 J.lm. A methylene blue or hematoxylin and 
~osm stamed shde was also made of each specimen at the time of 
l:!ryostat sectioning (Fig 2). The cryostat sections were then incubated 
for 30 min in a moisture chamber at room temperature with patient's 
~:>era kn?wn to ha.ve high titers of circulating bullous pemphigoid IsG 
.. ntJbod~es . (In this study, a total of 9 different sera were used a ll with 
titers of 1/50 or higher). Two BP antibody negative normal hu:nan sera 
'Were used as controls. 
The slides were washed for 30 min in phosphate buffered saline 
(PBS) and then subsequently incubated for 30 min with commerciallY 
prepared (Hyland Laboratories) fluorescein isothiocyanate (F.I.T.C.) 
\abeled goat gamma globulin anti -human immunoglobulin G. (antibodY 
cc:;mcentrat10n 1.7 mg/ml; F.I.T.C. to protein ratio 2.6 mol.; working 
dilution l/34). 
The slides were washed again in PBS for 45 to 90 min mounted with glyc~rol _and then examined with a Leitz Orthoplan microscope with 
":ertiCal ill~mmator for epi-illumination and a HBO 200 mercury vapor 
hght and filters comb. I and S525 Leitz. 
Electron Microscopy 
S~ecirnens were taken from culture on days 3, 5, 8, 16, 18, 21, 24, 30, 
and 37 .for electron nucroscopic examination. Specimens for EM were 
placed m Karnovsky fixative (2.5% glutaraldehyde and 22% parafor~1-
aldehyde ~~ 0.03 M phosphate buffer). Specimens were postfixed 111 1.~3% Osmium for 2 hr and Uranyl acetate 2% for 2 hr. After desiccatioll 
W1th serial alcohol solutions, the specimens were embedded in Epon [9] 
RESULTS 
_ In the 2 series of cultures in which explants were taken dailY• 
lt ~a.s foun? that the explants themselves in both series had po~Itlve, bnghtly staining immunofluorescent BMZs on daY 0 ~Fig 3). In b~th, the explants became negative by the 4th daY 






FIG 1. Schematic drawing of the Aaron Freeman and co-workers 
culture technique. A piece of dead, inverted pig skin (ps) with the 
epidermis (ep) down, is supported on a steel grid (G) in a Petri dish 
with media (m) added to the level shown. Human explants (ex ) are 
placed on the pig dermal surface, and the epidermal cells (e) from the 
explant migrate and cover the pig dermis. 
FIG 2. Photograph of an H and E slide of the epidermal cell out-
growth (Eo) and explant (EX) junction. Both the outgrowth and 
explant are supported on the dermal (d) su1·face of non-viable, inverted 
pig s kin with its epidermis (e) down (hematoxylin and eosin, reduced 
from X l60) . 
FIG 3. Day zero explant with a posit ive fluorescent band (arrows) 
between the epidermis (e) and dermis (d) when reacted against BP sera 
by IIF (X250) . 
until day 10, when it regained its BMZ fluorescenc;:e. In the 
other series it became positive again between days 15 to 20. 
Having regained their BMZ antigenicity, the explants main-
tained fluorescent BMZs until the cultures were terminated. 
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Over 90% of the explants from all 7 series produced an 
epidermal outgrowth, usually between days 10 to 15. T he out-
growths could be seen grossly as a clear area around the explant 
and was confirmed microscopically with methylene blue or 
hematoxylin and eosin staining at th e time of sectioning. Six 
series produced an outgrowth which deposited newly formed, 
brightly fluorescent, basement membrane zone (BMZ)-like ma-
terial on the dermal surface of the non-viable, inverted pig skin 
som etime during its cultme life when run against sera contain-
ing BP antibody by IIF techniques (Table 1). This was not seen 
with the 2 control normal human sera. This immunofluorescent 
material was usually in a linear pattern (LP) between the basal 
cell outgrowths and the pig dermal smface (Fig 5). In 3 series 
(Table II), it was noted under 40X magnification that in addi-
tion to a thin linear pattern, very ea1·ly outgrowths (day 10-15) 
and aged outgrowths (day 25-45) had a more prominent intra-
FIG 4. Day 4 explant with no fluorescent band (arrows) between 
the epidermis (e) and the dermis (d) when reacted against BP sera by 
!IF (x250). 
TABLE I. Seven series of experiments showing positive epidermal· 
dermal junction immu.n.oflu.orescen.ce (IF) of cultured human. 
epidermal outgrowth cells on non-viable pig dermis reacted against 
BP antibody by IIF 
Day taken from 10 15 20 25 30 cul ture (±3) (±2) (±3) (±2) 
Skin origin 
Breast NG" +b + + + 
Nuchal b ND 
Abdomen NG + + + + 
Axilla NG + + + + 
Breast + + + + + 
Abdomen + ND" + + + 
Breast NG + + + 
a NG = no growth and ND = not done. 
b + = positive BMZ immunoflu ore cence and -
immunofluorescence. 
35 









TABLE II. Epidenna.l·dermaljun.ction IF patterns in 3 eries of 
outgrowths showing both linear and intracellular patterns 
Days 10 15 20 (±3) (±2) 
Skin origin 
Breast NG" LPb LP 
Abdomen NG ICP ICP 
· Axilla NG ICP LP 
" NG = No growth. 
1
' LP = Lineru· Pattern. 
c ICP = Intra-cellular pattern. 
rl ND =Not done. 
25 30 35 over 38 (±3) (±2) {±3) 
LP LP rep< ICP 
LP LP NDrl ICP 
LP ICP NG NG 
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cellular immunofluorescent pattern (ICP) (Fig 6). This was 
confirmed with 2 additional sera from patients known to have 
high titer BP antibodies and was therefore not a peculiarity of 
a single serum. While the linear immunofluorescent pattern was 
produced predominantly by midculture outgrowths (day 20-
30), and the cellular pattern produced by early and late culture 
outgrowths, this fmding was not consistent and some overlap 
was observed. For example there was one series of breast skin 
explants that produced a 40-day-old outgrowth with a distinct 
linear pattern. 
Outgrowth specimens were also taken from culture for EM 
between days 3 and 37. Regardless of the time taken from 
culture, the outgrowths did not produce a definite basal lamina 
or sub-basal lamina components of the BMZ. That is, it seems 
that the basal cell outgrowths were only depositing BP antigen 
on the nonviable dermis (Fig 7). 
FIG 5. Day 25 epidermal ceU outgrowth (Eo) on non-viable pig 
dermis (pd) with a bright immunofluorescent band (arrows) at the 
outgrowth-pig dermal junction reacted with BP sera by IIF (X250). 
FIG 6. An early day 10 epidermal outgrowth (Eo) on non-viable pig 
dermis (pd) revealing intraceUular fluorescence when stained with BP 
antisera by IIF. The black nuclei (n.) of the cells are well outlined by 
the cytoplasmic fluorescence (X400) . 
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FIG 7. Electron micrograph of the epidermal outgrowth (Eo) resting 
on partially digested, non-viable pig dermis (pd) . No basal lamina is 
formed at the outgrowth-pig dermal junction beneath the plasma 
membrane (arrows) of the outgrowth epidermal cells. 
DISCUSSION 
BP antigen appears to be contained within the phosphate 
buffered saline soluble fraction of epidermis and is composed of 
2 proteins with molecular weights of 20,000 and 9,200 (10]. 
Since there is no evidence that the basal lamina or any junc-
tional structures are barriers to the diffusion of water, electro-
lytes or molecules up to at least 40,000 mw (2), the BP antigen 
could theoretically be made locally in or near the dermal-
epidermal junction or elsewhere and then transported to its 
lamina Iucida location. 
With explant studies of epide1·maJ cells epibolizing around 
and under the dermal surface, Marks, Abell, and Nishikawa 
[12] were the fu·st to show ·that when specimens were run 
against BP sera with IIF techniques, a small amount of frag-
mented fluorescent material was noted between the epibolized 
cells and the explant dermal surface in 5 out of 33 explants, 
suggesting that the BP antigen may be made by the epidermal 
cells (12]. This finding has recently been confu·med (13]. 
In oul' view, however, these studies are not definitive since in 
these systems the epidermis was juxtaposed to living dermis. 
With the dermis uncontrolled, a dermal contribution to the 
synthesis of the lamina lpcida material could not be excluded. 
Using monolayer cultures of mouse epidermal cells incubated 
with 400 tJ.g per ml of pemphigoid I8G and then stained by 
direct immunofluorescent techniques with fluorescein conju-
gated goat antihuman I8G, Marcelo and Diaz [ll] noted that a 
small number of the cultured cells fixed pemphigoid l gG as late 
as days 4 and 7 of culture life. Although an exact comparison of 
the amount of BP antigen between day-zero cells and those 
later in cultul'e was not made, the fact that the IF staining was 
not seen in control cultures and was specifically abolished by 
pretreatment of the monolayer with unlabeled goat antihuman 
18G, suggested that the BP antigen was produced or at least 
maintained in vitro [11]. 
Aug. 1980 
In the study reported here, epidermal cells migrate out onto 
the dermal surface of inverted, irradiated, non-viable pig skin. 
The fact that the epidermal cells, migrating on the non-viable 
pig dermis, produce material that is brightly fluorescent when 
run against BP antibody by IIF strongly suggests that the BP 
antigen is synthesized by the epidermal cells. 
Using short-term (7 days) organ cultures of neonatal foreskin, 
Brickman et al [14] found that BP antigen and its corresponding 
linear IIF detected with BP sera were present on the first day 
of culture, but then degenerated and became completely absent 
by the fourth day, only to then regenerate to its initial state by 
the 6th day of culture [14]. Our 2 explant studies conftrm this 
finding in a 45-day culture system of human adult skin. The 
fact that the explant in ow· system loses its BP antigenicity and 
then regains it (around the same time that the BP antigen-
producing outgrowth is fu·st observed) affords nuther evidence 
that the antigen is actively synthesized in culture and not 
merely maintained. 
Why the BP antigen is lost and regained is unclear. Marked 
cell death occw·s dW'ing the early days of explant cultW'e life 
when DNA synthesis is negligible. Between days 12 to 19, DNA 
synthesis increases and some regeneration of the explant oCCW'S 
[15]. It is tempting to speculate that the antigen disappears 
because of (1) destruction by proteolytic elements produced by 
on-going cell death and (2) inhibited synthesis of the BP antigen 
by the remaining cells functioning below base line activity 
during early cultW'e life. The explant BP antigen may then re-
appear dW'ing the regenerative phase after toxic elements and 
dead cells have been largely removed by routine media changes. 
The significance of the intra-cellular pattern (ICP) of fluo-
rescence seen in certain outgrowths is also unclear. This cyto-
plasmic staining could be an artifact due to the freeze-thaw step 
of OW' technique when the sections are taken out of the cryostat 
microtome ( -30°C) and exposed to room temperatW'e for the 
IIF procedW'e. From melanoma studies, it is known that cell 
membrane antigens are noted on living melanoma cells while 
cytoplasmic antigens are seen in melanoma cells that have been 
snap-frozen [16]. This suggests that snap-freezing the cells may 
alter the membrane in some way that allows the antigen to 
"leak" back into the cytoplasm of the cell. 
On the other hand, our specimens were handled essentially 
in the same manner as clinical material, and ow· procedw·e was 
identical to the routine IIF studies performed on patients with 
bullous diseases. These routine procedW'es also include a freeze-
thaw step, and cytoplasmic staining to the degree seen in OW' 
study does not usually occW'. 
If the cytoplasmic staining is not an artifact, it may reflect 
something about the functional capacities of the dividing cells 
in cultW'e. Table II summarizes the fluorescent staining pattern 
of 3 culture series in which the ICP was seen. As noted in the 
table, the ICP phenomenon tends to occu1· with early and late 
outgrowths. 
It may be that the BP antigen originates within the basal 
cells and is then deposited across the cell membrane to its 
lamina Iucida location. In early outgrowths, we may be seeing 
the antigen still within the cells dW'ing this early phase of 
migration and proliferation. In aged outgrowths, the cells may 
have degenerated to a point where they are no longer capable 
of transporting the antigen molecule completely out of the cell, 
and again, the antigen in an intra-cellular location produces the 
cytoplasmic fluorescence. 
The fact that electron microscopy of the epidermal-pig der-
mis junction reveals an absence of the basal lamina confmns in 
culture that there is some degree of independence between the 
morphologic dermal-epidermal junction structure and BP an-
tigenicity which has been previously noted in gestational and 
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developmental studies (17,18] and in organ cultW'e studies of 
neonatal skin [14]. 
We were somewhat surprised to find that a morphologic basal 
lamina was not formed in our system since there is good 
evidence that 'this structW'e is produced by epidermal cells 
[2,7,12]. It was also remarkable that the newly-synthesized BP 
antigen (Lamina Iucida component) formed a "band-like" struc-
tW'e at the dermal-epidermal junction in the absence of a basal 
lamina structW'e. It appears, then, that the linear structure of 
the lamina Iucida does not require a basal lamina substrate or 
support on which to laminate. 
This may give some clue as to the "textW'e" or consistency of 
the lamina lucida substance. Having an intrinsic ability to 
laminate it may have a gelatinous or "glue-like" consistency. 
The absence of basal lamina in OW' system, also raises the 
question of what invokes the epidermal cells to synthesize this 
structure. This question is currently being investigated by our 
laboratory. 
We are greatly indebted to Guillermo Salazar and Catherine Reboux 
for their excellent technical assistance. 
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